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Abstract 
Many digital cameras currently use single sensor technology. The sensor is mounted on a 
Color Filter Array algorithm to estimate the image color in three image color channel red, 
green, and blue. The process of calculating the estimated two color channels which is 
missing in one pixel is referred to demosaicking process. This research aims to make a 
demosaicking implementation application. Directional weighting method is used to 
suppress false color and zipper effect artifacts possibility. Peak Signal to Noise Ratio 
(PSNR) value is used as a comparison of image quality that produced. This system is built 
using Matrix Laboratory (Matlab). System development method that used is the Waterfall 
model and Data Flow Diagram (DFD). The final result of this research is an application that 
can perform demosaicking process in digital camera image, which achieve higher PSNR as 
big as 100% in testing of noiseless image from LASIP database and image from a digital 
camera from the surrounding environment, also 93.33% for image with gaussian noise from 
LASIP database and image with poisson noise from LASIP database. 
 
Keywords: color filter array, demosaicking, directional weighting, digital camera, image 
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1.  INTRODUCTION 
 
A few years ago, most digital 
cameras used  multi-chip. However 
currently in order to saving costs, single-
chip in digital cameras is applied. In this 
digital cameras, only one sensor is 
required and all the color information 
(red, green, and blue) is recorded at the 
same time. The output from using a 
sensor with a Color Filter Array Bayer 
filter is a mosaic that consists of red, 
green, and blue color with each pixel 
having one color. Two of the missing 
color components at each pixel will be 
estimated by demosaicking process. 
Demosaicking related research 
conducted by Pekkucuksem, Ibrahim & 
Altunbasak, Yucel [1]. With this simple 
edge strength filter method  that applied 
to Bayer and Lukac pattern. Furthermore, 
Purwandari [2], do demosaicking to 
identify image splicing forgery image. 
Then Ramanath, Rajeev & Snyder, 
Wesley E. & Bilbro, Griff L. [3] 
introduced demosaicking method that 
commonly used and compared them 
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using error matrix such as the quadratic 
average error in the RGB color space. 
Purwandari [4] used Color Filter Array 
(CFA) and Error Level Analysis to 
authenticate the original digital image 
Demosaicking implementation with 
directional weighting method aims to 
improve the image quality. This 
directional weighting method can 
suppress the possibility of artifact that 
appears as a side effect from 
demosaicking process. 
 
2. METHODOLOGY 
A. Demosaicking with Directional 
Weighting Method 
 
Color Filter Array (CFA) is a 
mosaic of small color filters placed over 
the sensor pixels from image sensor to 
capture color information. In 1976, Bryce 
E. Bayer from Eastman Kodak company 
find a color filter array called Bayer 
Filter [5]. The output from a sensor with 
a Bayer filter is a mosaic that consist of 
red, green, and blue colors with different 
intensity. 
Demosaicking is computation of the 
missing color components by using the 
same color information from pixels 
around. The purpose of demosaicking is 
to estimate the missing color, so full-
color image can be reconstructed, to 
produce a full color image with three 
channels RGB in each pixel. [6]. 
 
 
Figure 1. Bayer Color Filter Array Block 
[5] 
Directional weighting is one of 
method in demosaicking implementation, 
which used to minimize appearance of 
false color and zippering effect artifacts. 
This method consists of several 
processes, that is green color 
interpolation, also red and blue color 
interpolation using green color that has 
been interpolated. 
 
1) Green Pixel Interpolation 
In demosaicking with directional 
weighting method, green pixel 
interpolation calculated firstly. In green 
pixel interpolation, position of the 
missing green is on two possibilities, in 
red or blue position. 
 
 
 
 
 
 
 
 
 
Figure 2. The missing green pixel on (a) 
red and (b) blue [6] 
 
 j-2 j-1 j j+
1 
j+
2 i-2 R G R G R
i-1 G B G B G 
i R G R G R 
i+1 G B G B G 
i+2 R1 G R G R 
 j-2 j-1 J j+1 j+2 
i-2 B G B G B 
i-1 G R G R G 
i B G B G B 
i+1 G R G R G 
i+2 B G B G B 
(a) 
(b) 
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First calculate the missing green 
pixels at red position (Figure 2 (a)). The 
first phase, calculate the missing  value 
horizontally and vertically in a row. 
Where (i,j) indicates a predictor in 
horizontal direction at the  position, 
and (i,j) indicates a predictor at vertical 
direction at  position. To calculate 
G(i,j)  in R(i,j): 
 
(i,j)
 (1) 
G (i,j)
 (2) 
Then, calculate the two different 
colors in image, with: 
 
H =   H  (3) 
V =   V  (4) 
 
Where CH and CV  are the difference 
value from the color of each pixel, 
horizontally and vertically. While  and  
indicate rows and columns of  
pixels. Furthermore H and 
V.  and 
 is gradient or difference 
between  and  with two adjacent 
columns and gradient or difference 
between  and  two lines below. For 
example,  and , also 
between  dan . 
 
H = H   H  (5) 
V = V   V  (6) 
 
The amount of H and 
V defined as  and 
 in 5x5 neighborhoods that 
centered at  pixel. 
 
  (7) 
  (8) 
 
Then, calculate the weight 1 
horizontally and 2 vertically. 
 
1 
 (9) 
 
2
 (10) 
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Furthermore, the missing G value in 
red position can be searched by: 
 
if  
then 
 H  
else if  
 V  
else 
  
End                                                        (11) 
 
Where  represents the threshold to 
detect edge, and  is the missing green 
values that we calculate. 
Furthermore, will do calculation of 
the missing green pixels at blue position 
(Figure 2 (b)), in a similar way with 
calculation of the missing green pixels in 
the red position. 
 
2) Red and Blue Pixel Interpolation 
After the value of green 
interpolation green obtained, then that 
value can be used to interpolate red and 
blue pixels. There are three cases in red 
pixel interpolation, which is shown in 
Figure 3, Figure 4, Figure 5. 
 
 j-3 j-2 j-1 J j+1 j+2 j+3 
i-3 Redx G Redx G Redx G Redx 
i-2 G B G B G  B G 
i-1 Redx G Redx G Redx G Redx 
I G B G R G B G 
i+1 Redx G Redx G Redx G Redx 
i+2 G B G B G B G 
i+3 Redx G Redx G Redx G Redx 
Figure 3. The missing red pixels in blue 
position [6] 
 
The first, will calculate interpolation 
of the missing red pixels in blue position 
(Figure 3). The missing value of  can be 
searched by: 
 
 (12) 
 indicates the missing red value.  
is green pixel interpolation value result, 
and  is approximate value of red. 
Then to find (i,j)  which is directly 
adjacent to (i-1,j-1), (i-1,j+1), 
(i+1,j-1), and (i+1,j+1)  can be 
found by searching for the weight of 
(i-1,j-1), (i-1,j+1), (i+1,j-1), and 
(i+1,j+1). 
 
Where 𝑐 is constant factor to adjust 
the weight value. Then, count (i,j) 
by: 
 
(i,j)
 (17) 
 
Then, to calculate the missing (i,j) in 
blue position in first case (Figure 4) is as 
follows: 
 
(i,j) = (i,j) – (i,j)  
 j-3 j-2 j-1 j j+1 j+2 j+3 
i-3    Redx    
i-2 Redx  Redx  Redx  Redx 
i-1    Redx    
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i Redx  Redx R Redx  Redx 
i+1    Redx    
i+2 Redx  Redx  Redx  Redx 
i+3    Redx    
 
Figure 4. The missing red pixels in green 
position [6] 
 
Next, calculate the missing  pixels 
in green pixel position as shown in 
Figure 4 and Figure 5 which is second 
and third case. To find a case of (i,j) 
which is directly adjacent to (i-1,j), 
(i,j-1), (i,j+1), dan (i+1,j)  then 
the formula that used is formula (18), 
(19), (20), and (21). 
 
 j-3 j-2 j-1 j j+1 j+2 j+3 
i-3  Redx  PR1  Redx  
i-2        
i-1  Redx  Redx  Redx  
i Redx  Redx R Redx  Redx 
i+1  Redx  Redx  Redx  
i+2        
i+3  Redx  Redx  Redx  
 
Figure 5. The missing red pixel value in 
green position [6] 
 
Where  is constant factor to adjust 
the weight value. Then, count (i,j) 
by: 
 
(i,j)
 (22) 
 
So, to calculate the missing (i,j), in 
green position on second and third cases 
(Figure 5 and Figure 6)) is as follows: 
 
(i,j) = (i,j) – (i,j) 
 
  
(i-1,j-1)  (13) 
(i-1,j+1)  (14) 
(i+1,j-1)  (15) 
(i+1,j+1)  (16) 
(i-1,j)  (18) 
(i,j-1)  (19) 
(i,j+1)  (20) 
(i+1,j)  (21) 
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Then, calculate the blue pixel 
interpolation. In this blue pixel interpolation 
calculation, also divided into two processes, 
such as blue pixel interpolation in red 
position, and blue pixel interpolation in green 
position, each calculation is performed by the 
same calculation with red pixel interpolation 
[7]. 
 
B. Peak Signal to Noise Ratio (PSNR) 
 
Peak Signal to Noise Ratio is used to test 
the similarity between original image and 
demosaicking image.  
 = 
 (23
) 
=10* 10                                  (24) 
 
Description: 
 : Width and height of image 
 : Pixel value of original image at  
 coordinates 
 : Pixel value of demosaicking image 
at   coordinates 
I : Maximum value of pixel. 
 : Mean square error value between 
original and demosaicking image. 
 
 
IV. ANALYSIS AND DESIGN SYSTEM 
 
Data used in this paper took from Sony 
DSC-W710 digital camera, which also serves 
as primary data source with JPG data format, 
with image size  2304 x 1728 pixels. The 
secondary data source images were taken 
from LASIP webpage with image size 768 x 
512 pixels, Tampere University of 
Technology (TUT) [8]. 
Based on Figure 6, there are several 
processes in workflow system, such as 1) 
preprocessing process, 2) demosaicking 
process with directional weighting method, 3) 
PSNR calculation process, and 4) 
demosaicking result images saving process. 
In preprocessing process, zooming 
process can be done in input image. This input 
image changed into bayer pattern image, with 
the resulting output is bayer pattern display of 
input image. This bayer pattern displayed into 
four separate bayer, such as green, red, blue, 
and green. 
The first process is to calculate missing 
green value in  pixel position. In this 
process, the formula that used is formula (1), 
(2), (3), (4), (5), (6), (7), (8), (9), (10), and 
(11). Proceed to the next process, which 
calculates the missing green value in  pixel 
position, with formula that used is the same as 
to quantify the missing green value in  pixel 
position. Then calculate the missing red value 
in pixel position. The formula that used is 
formula (12), (13), (14), (15), (16), and (17), 
followed by calculating the missing red value 
in  pixel position. The formula that used is 
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formula (12), (18), (19), (20), (21), and (22). 
Then, go into calculation of the missing blue 
value in  pixel position. Same as calculating 
process of the missing red value at  position, 
the formula that used is formula (12), (13),  
Change Image becomes Bayer 
Patterned
Show Bayer Patterned Input Image
Preprocessing Process
Calculate the Missing Green 
Value in R pixel Position
Demosaicking Process 
with Directional 
Weighting Method
Calculate Mean Square Error 
Value
Calculate PSNR Value
Calculate PSNR 
Process
Input Image (RGB)
Calculate the Missing Green 
Value in B pixel Position
Calculate the Missing Red 
Value in B pixel Position
Calculate the Missing Red 
Value in G pixel Position
Calculate the Missing Blue 
Value in R pixel Position
Calculate the Missing Blue 
Value in G pixel Position
Show Demosaicking Image and Running Time 
of Demosaicking Process
Demosaicking Image and 
Running Time of 
Demosaicking Process
Show PSNR Value
PSNR Value 
Display
Save Demosaicking Result 
Images with JPG format
Saving 
Demosaicking Result 
Images Process
Demosaicking Result 
Image that has been 
Saved with JPG Format
Input Image with 
Bayer Pattern Display
Bayer Pattern Details of 
Input Image Display
Show the Bayer Pattern Details of 
Input Image
Show the Demosaicking Image 
Zooming
Demosaicking Image 
Zoomed Display
Show the Input Image Zooming
Input Image Zoomed 
Display
Combine The Red, Green, and 
Blue Interpolation Values
 
Figure 6. System Workflow Diagram 
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(14), (15), (16) and (17), with the difference is 
 value replaced  and  replaced with 
 value. Then calculate process of the 
missing blue value in  pixel position, using 
formula (12), (18), (19), (20), (21), and (22). 
Results of red, green, and blue value 
interpolation will be combined. Turning into 
displaying demosaicking image and running 
time of demosaicking process, with the result 
is demosaicking result images display. 
In PSNR calculation process, there are 
two processes in it. The first process is to 
calculate Mean Square Error, with formula 
that used is formula (23). Followed by PNSR 
value calculation process and the formula that 
used is formula (24). The last process is the 
saving process of demosaicking result images 
in*.JPG. 
 
V. RESULTS AND DISCUSSION 
A. Implementation System Interface 
Bayer pattern that used in this 
demosaicking process is GRBG that shown in 
Figure 7. This pattern can be split into four 
separate patterns, that is green, red, blue, and 
green shown in Figure 8. 
 
Figure 7. Test Results Display toward 
Noiseless Input Image from LASIP Database. 
 
(a) (b) 
 
 
(c) (d) 
Figure 8. Pattern Detail of  Bayer (a) green, 
(b) red, (c) blue, and (d) green. 
 
Input image can be displayed in a new 
figure and can be zoomed. Similarly with 
demosaicking result image which can also be 
displayed in a new figure and can be zoomed. 
Figure 9 displays the comparison of zooming 
result between input and output image from 
demosaicking process result. 
 
 
(a) (b) 
Figure 9. The comparison of zooming result 
(a) input image and (b) output image as 
demosaicking process result. 
 
Directional weighting method can suppress 
the possibility of artifacts appearance as a side 
effect from demosaicking process. This is 
proved by comparison of zooming results 
Teknosia Vol. III, No. 1, Maret 2017  
 
16 
between input image, demosaicking with 
bilinear interpolation method result image, 
and demosaicking with directional weighting 
method result image that shown in Figure 10.  
For demosaicking with bilinear 
interpolation method result images, color that 
has been produced is rather opaque and have a 
very visible false color artifacts. Meanwhile 
for demosaicking with directional weighting 
method result image have false color artifacts 
that much less when compared with 
demosaicking with bilinear interpolation 
method result image. 
On the noiseless input image from 
LASIP database, Directional weighting (DW) 
method compared to BI (Bilinear 
interpolating) [9], HA (Adaptive Color Plane 
Interpolation in Single Color Electronic 
Camera) [10], LI (High-Quality Linear 
Interpolation for demosaicing of Bayer-
patterned Color Images) [11], and HD 
(Adaptive homogeneity-Directed demosaicing 
Algorithm) method  [12]. 
 
 
(a) 
 
(b) 
 
(c) 
Figure 10. Comparison of  zooming results among (a) input image, (b) demosaicking image 
with bilinear interpolation method, and (c) demosaicking image with directional weighting 
method. 
 
B. Comparison result of PSNR value for noiseless input image 
 
 
Table 1. Comparison result of PSNR value for demosaicking with noiseless input images from 
LASIP database.  
No Noiseless Image PSNR Value BI HA LI HD DW 
1 
 
R 25.21 33.17 30.87 34.51 36.5068 
G 29.40 34.65 35.61 36.13 37.0815 
B 24.74 33.29 30.98 34.74 36.5272 
Average 26.45 33.7033 32.4867 35.59 36.7052 
2 
 
R 31.17 37.38 36.54 36.83 38.6253 
G 35.53 40.94 41.35 41.61 42.8587 
B 30.62 39.60 37.32 40.44 42.2344 
Average 32.44 39.3067 38.4033 39.6267 41.2395 
3 
 
R 32.34 40.21 39.22 40.39 42.8976 
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G 36.24 42.19 43.15 43.56 44.6967 
B 31.65 39.79 38.37 40.74 42.0852 
Average 33.41 40.73 40.2467 41.5633 43.2265 
4 
 
R 31.88 36.58 36.73 35.85 38.9078 
G 35.85 40.66 42.32 41.47 42.5568 
B 31.39 39.64 38.91 40.74 42.4417 
Average 33.04 38.96 39.32 39.3533 41.3021 
5 
 
R 25.63 34.65 32.60 34.95 37.4495 
G 29.20 35.81 36.75 37.27 38.2475 
B 25.46 34.27 32.25 34.27 36.7002 
Average 26.7633 34.91 33.8667 35.4967 37.4657 
6 
 
R 26.36 34.66 32.49 37.35 38.9042 
G 30.77 35.93 36.91 38.88 39.4367 
B 26.34 34.24 31.98 36.49 37.8774 
Average 27.8233 34.9433 33.7933 37.5733 38.7394 
7 
 
R 31.71 40.64 38.77 39.99 42.5568 
G 35.81 42.17 42.16 42.64 43.7249 
B 31.12 40.25 38.51 39.49 41.7275 
Average 32.88 41.02 39.8133 40.7077 42.6697 
8 
 
R 22.46 31.57 28.05 33.06 34.5971 
G 27.34 33.37 32.96 35.19 35.9955 
B 22.36 31.55 27.83 33.11 34.6601 
Average 24.0533 32.1633 29.6133 33.7867 35.0842 
9 
 
R 30.82 39.38 36.78 40.12 42.4693 
G 35.18 41.39 41.40 42.83 43.7174 
B 30.67 37.39 37.39 40.45 41.4705 
Average 32.2233 39.3867 38.5233 41.1333 42.5524 
10 
 
R 30.84 39.12 37.64 39.43 42.0824 
G 34.86 41.33 42.27 42.80 43.8439 
B 30.55 39.49 37.69 39.89 41.0664 
Average 32.0833 39.98 39.2 40.7067 42.3309 
11 
 
R 27.92 35.50 33.71 36.44 38.4526 
G 32.06 37.03 37.90 38.76 39.6546 
B 27.91 35.87 33.65 37.25 39.1877 
Average 29.2967 36.1333 35.0867 37.4933 39.0983 
12 
 
R 31.29 39.89 37.44 40.45 42.4687 
G 35.89 42.27 42.41 43.82 44.6379 
B 30.92 40.21 37.74 41.11 42.6808 
Average 32.7 40.79 39.1967 41.7933 43.2625 
13 
 
R 23.02 29.53 28.86 31.32 33.4062 
G 26.49 30.58 32.53 32.18 33.124 
B 22.89 29.10 28.36 30.43 32.3241 
Average 24.1333 29.7367 29.9167 31.31 32.9514 
14 
 
R 27.84 34.81 33.74 33.82 36.7367 
G 31.71 37.14 37.72 37.73 39.1243 
B 27.73 35.02 33.31 34.62 37.0179 
Average 29.0933 35.6567 34.9233 35.39 37.6263 
15 
 
R 30.20 36.08 36.50 35.69 37.3058 
G 34.19 39.51 41.56 40.62 41.991 
B 29.21 37.96 37.57 38.82 40.7733 
Average 31.2 37.85 38.5433 38.3767 40.0234 
16 
 
R 29.78 38.09 35.44 41.20 42.5024 
G 34.15 39.55 40.01 42.66 43.0549 
B 29.16 37.88 35.30 40.41 41.6515 
Average 31.03 38.5067 36.9167 41.4233 42.4029 
17 
 
R 30.78 38.41 36.95 38.93 41.492 
G 34.21 39.19 40.38 40.36 41.4838 
B 30.18 37.74 36.67 38.32 39.9858 
Average 31.7233 38.4467 38 39.2033 40.9872 
18 
 
R 26.73 33.91 33.40 34.21 36.6948 
G 30.34 35.24 36.92 36.12 37.1192 
B 26.97 33.75 33.00 34.26 35.5474 
Average 28.0133 34.3 34.44 34.8633 36.4538 
19 
 
R 26.73 36.67 32.61 37.60 39.8531 
G 31.48 38.34 37.24 39.51 40.708 
B 26.78 37.09 32.64 37.86 39.3795 
Average 28.33 37.3667 34.1633 38.3233 39.9802 
20 
 
R 29.09 38.75 36.98 39.29 41.2421 
G 33.48 39.82 40.57 40.85 41.7763 
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B 29.28 37.31 35.72 37.55 39.2561 
Average 30.6167 38.9392 37.7566 39.23 40.7582 
21 
 
R 27.37 35.04 33.40 36.46 38.3203 
G 31.27 36.29 37.47 37.76 38.6707 
B 26.89 34.48 32.74 35.41 36.9745 
Average 28.51 35.27 34.5367 36.5433 37.9885 
22 
 
R 29.53 35.80 34.90 35.41 37.7264 
G 32.97 37.72 38.44 38.22 39.7621 
B 28.47 35.60 33.84 35.48 37.4748 
Average 30.3233 36.3733 35.7267 36.37 38.3211 
23 
 
R 32.98 41.06 39.83 40.31 42.7118 
G 37.06 43.30 43.71 43.92 45.003 
B 33.18 41.54 40.27 41.15 43.0646 
Average 34.4067 41.9667 41.27 41.7933 43.5931 
24 
 
R 25.84 32.63 32.24 32.70 35.0471 
G 29.04 33.59 35.61 35.15 36.001 
B 24.78 30.76 30.47 31.90 33.0466 
Average 26.5533 32.3267 32.7733 33.25 34.6982 
PSNR Average 
R 29.5825 36.40 35.82 36.9296 39.1232 
G 32.6883 38.25 39.06 39.585 40.5946 
B 28.3021 36.53 34.69 37.2886 38.9648 
PSNR Average (RGB) 29.8790 37.06 36.5233 37.2677 39.5609 
 
 
Figure 11. PSNR average value comparing graph of twenty four noiseless input image from 
LASIP database for demosaicking with BI, HA, LI, HD, and DW methods. 
 
Based on Table 1, with twenty four 
noiseless input image made by DW method  
on demosaicking process, it can be seen that 
100% or twenty four images have a higher 
PSNR value compared to other methods. The 
highest PSNR value in comparison of four 
methods written in bold. 
From the graph in Figure 11, DW has 
average PSNR values that better than the 
other four methods. With the lowest PSNR 
average value is in eighth image as big as 
24.1333 with BI methods, and the largest 
PSNR average value is in twenty third image 
as big as 43.5931 with DW method.  The 
overall lowest PSNR average value obtained 
using BI method as big as 29.8790, and the 
overall largest PSNR average value obtained 
by demosaicking using DW method as big as 
39.5609.
C. Comparison result of PSNR value for input image with Gaussian noise 
Table 2. Comparison result of PSNR value for demosaicking of input images with gaussian 
noise from LASIP database.  
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No 
Image with 
Gaussian Noise 
PSNR 
Value 
BI HA AP DW 
1 
 
R 26.64 25.79 30.51 33.1909 
G 30.44 26.47 31.06 35.9905 
B 26.56 25.88 30.53 33.2301 
Average 27.88 26.0467 30.7 34.1372 
2 
 
R 21.85 24.86 27.24 31.1541 
G 26.15 25.69 27.97 33.5654 
B 21.72 24.77 27.39 30.999 
Average 23.24 25.1067 27.5333 31.9062 
3 
 
R 22.47 24.36 25.25 30.2521 
G 26.14 25.07 25.37 32.783 
B 22.38 24.26 25.65 30.1893 
Average 23.6633 24.5633 25.4233 31.0748 
4 
 
R 24.14 25.55 29.35 29.5988 
G 27.96 26.24 30.11 33.1222 
B 24.18 25.57 30.09 29.521 
Average 25.4267 25.7867 29.85 30.7473 
5 
 
R 27.13 25.91 31.96 33.2795 
G 30.9 26.54 32.60 35.9635 
B 26.94 25.95 31.93 33.2631 
Average 28.3233 26.1333 32.1633 34.1687 
PSNR Average 
R 28.48 25.294 28.86 31.4951 
G 26.00 26.002 29.42 34.2849 
B 25.29 25.286 29.12 31.4405 
PSNR Avarage (RGB) 26.59 25.5273 29.1333 32.4068 
 
Based on Table 2, 93.33% or four images 
have a higher PSNR value in DW method 
compared to other methods. The largest PSNR 
value in four methods comparison was DW 
method. Image that has lower PSNR value on 
DW method is the fourth image. In the fourth 
image, the lower PSNR value is PSNR blue 
value.  
Based on PSNR average values graph in 
Figure 12, the lowest PSNR average value is 
in second image as big as 23.24 with BI 
methods, and the largest PSNR average value 
is in the fifth image as big as 34.1687 with 
DW method. 
The overall lowest PSNR average value 
obtained by demosaicking using HA method 
as big as 26.59, and the overall largest PSNR 
value obtained by demosaicking using DW  
method as big as 32.4068. 
 
 Figure 12. Comparison graph of PSNR 
average value at five input image with the 
Gaussian Noise from LASIP database for 
demosaicking using BI, HA, AP, and DW 
methods. 
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D. Comparison result of PSNR value for input image with Poisson noise 
 
Table 3. Comparison result of PSNR value for demosaicking of input images with poisson noise 
from LASIP database.  
No. 
Image with 
Poisson Noise 
PSNR Value BI HA AP DW 
1 
 
R 25.97 24.8 30.42 32.3181 
G 29.86 25.56 31.13 35.2458 
B 25.9 25.31 30.77 32.6483 
Average 27.2433 25.2233 30.7733 33.4041 
2 
 
R 21.62 23.091 26.49 30.2983 
G 25.86 24.77 27.16 32.8348 
B 21.45 23.81 26.56 30.1569 
Average 22.9767 23.8903 26.7367 31.0967 
3 
 
R 22.29 23.85 26.07 29.9028 
G 26.14 24.6 26.55 32.485 
B 22.14 24.02 26.26 29.8464 
Average 23.5233 24.1567 26.2933 30.7447 
4 
 
R 23.7 24.54 28.53 28.7567 
G 27.33 25.2 29.33 32.2996 
B 23.67 24.71 29.30 28.7408 
Average 24.9 24.8167 29.0533 29.9324 
5 
 
R 26.56 24.96 31.85 32.4276 
G 30.36 25.67 32.56 35.1932 
B 26.44 25.73 31.85 32.9208 
Average 27.7867 25.4533 32.0867 33.5139 
PSNR Average 
R 24.028 24.41 28.67 30.7407 
G 27.91 25.16 29.34 33.6117 
B 23.92 24.71 28.94 30.8626 
PSNR Average (RGB) 25.2860 24.76 28.9833 31.7383 
 
Based on Table 3, 93.33% or four images 
have a higher PSNR value in DW method 
compared to other methods. Image that has 
lower PSNR value on DW method is the 
fourth image. In the fourth image, the lower 
PSNR value is PSNR blue value. 
Based on PSNR average values graph in 
Figure 13, it shown that the lowest PSNR 
average value is in second image as big as 
22.9767 with BI methods, and the largest 
PSNR average value is in the fifth image as 
big as 32.0867 with DW method. 
The overall lowest PSNR average value 
obtained by demosaicking using HA method 
as big as 24.76, and the overall largest PSNR 
value obtained by demosaicking using DW  
method as big as 31.7383. 
 
 Figure 13. Comparison graph of PSNR 
average value at five input image with the 
Gaussian Noise from LASIP database for 
demosaicking using BI, HA, AP, and DW 
methods. 
 
 
E. Comparison result of PSNR value for 
input image taken with digital camera 
 
Table  4. Comparison result of PSNR value 
for demosaicking of input images taken with 
digital camera  
No Camera Image 
PSNR 
Value 
BI DW 
1 
 
R 30.63 39.9128 
G 34.94 42.7092 
B 30.05 40.954 
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Average 31.8733 41.192 
2 
 
R 28.49 39.4327 
G 33.27 41.6633 
B 28.23 38.8392 
Average 29.9967 39.9784 
3 
 
R 34.49 46.3108 
G 39.52 48.4747 
B 34.72 44.7143 
Average 36.2433 46.4999 
4 
 
R 31.1 41.2328 
G 35.5 44.5241 
B 30.28 41.7751 
Average 32.2933 42.5107 
5 
 
R 27.05 36.8536 
G 31.51 38.6685 
B 27.07 36.3467 
Average 28.5433 37.2896 
6 
 
R 29.38 41.2941 
G 34.51 43.7093 
B 29.13 40.7836 
Average 31.0067 41.929 
7 
 
R 33.68 44.2434 
G 38.36 46.2292 
B 32.78 43.3877 
Average 34.94 44.6201 
8 
 
R 27.4 37.7533 
G 31.75 38.8189 
B 27.05 37.201 
Average 28.7333 37.9244 
9 
 
R 30.67 42.0729 
G 35.73 45.1866 
B 30.14 43.0678 
Average 32.18 43.4424 
10 
 
R 33.11 43.9623 
G 37.76 46.2373 
B 33.01 42.5813 
Average 34.6267 44.2603 
PSNR Average 
R 30.6 41.3069 
G 35.285 43.6221 
B 30.246 40.9651 
PSNR Average (RGB) 32.0437 41.9647 
 
Based on Table 4, it can be seen that the 
100% or ten images have a higher PSNR 
value than BI method.  
 
 Figure 14. Comparison graph of PSNR 
average value at ten input image taken by 
digital camera for demosaicking using BI, and 
DW methods. 
 
Based on Figure 14, the lowest PSBR 
average value is in fifth image as big as 
28.5433 using BI method, and the largest 
PSNR average value contained in third image 
as big as 46.4999 using DW method. 
  The overall lowest PSNR average 
value obtained using BI method as big as 
32.0437, and the overall largest PSNR 
average value obtained by demosaicking 
using DW method as big as 41.9647. 
 
6. CONCLUSION 
Based on system design analysis, 
implementation and testing of system, it can 
be concluded that: 
1. This study has resulted an implementation 
application of demosaicking with 
Directional Weighting method that proven 
to reduce image artifacts, because of 
performing calculations with adjacency 
that greater than other methods. 
Disadvantages of this method is in image 
that have many white pixels, will be 
obtaine PSNR values in blue channel is 
lower than the PSNR value result at blue 
channels that produced by AP method. 
2. Directional Weighting method that used in 
this application produce a higher PSNR 
value than other methods. 
 
Suggestion for futher research, are: 
1. This application can be developed further in 
terms of method that used, such as using 
the LPA-ICI. 
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2. Testing further of image with a variety of 
attacks, such as salt and pepper noise, 
exponential noise, gamma noise, rayleigh 
noise, uniform noise and periodic noise. 
3. Input image format can be developed for 
the *.tiff, and *.bmp type. 
4. To overcome the disadvantages of this 
directional weighting method, it can be 
carried out by further experiments on 
image with a gaussian noise and poisson 
noise, especially on images that have a lot 
of white pixel value. 
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